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Abstract
Transforming growth factor β (TGF-β) plays an important role in tumor initiation and progression,
functioning as both a suppressor and a promoter. The mechanisms underlying this dual role of TGF-
β remain unclear. TGF-β exerts systemic immune suppression and inhibits host immunosurveillance.
Neutralizing TGF-β enhances CD8+ T-cell- and NK-cell-mediated anti-tumor immune responses. It
also increases neutrophil-attracting chemokines resulting in recruitment and activation of neutrophils
with an antitumor phenotype. In addition to its systemic effects, TGF-β regulates infiltration of
inflammatory/immune cells and cancer-associated fibroblasts in the tumor microenvironment
causing direct changes in tumor cells. Understanding TGF-β regulation at the interface of tumor and
host immunity should provide insights into developing effective TGF-β antagonists and biomarkers
for patient selection and efficacy of TGF-β antagonist treatment.

TGF-β signaling, a tumor suppressor and a tumor promoter
Transforming growth factor β (TGF-β) signaling plays a very important role in tumor initiation
and progression [1,2]. There are three TGF-β ligands, TGF-β1, TGF-β2 and TGF-β3. TGF-
β1 is the most commonly upregulated in tumor cells [3]. The TGF-β ligands signal through
type I and type II TGF-β receptors (TβRI and TβRII, respectively). Upon binding of TGF-β to
TβRII, TβRI is recruited, transphosphorylated and activated to phosphorylate the downstream
mediators, SMAD2 and SMAD3. Phosphorylated SMAD2 and SMAD3 combine with
SMAD4 to enter the nucleus to modulate gene transcription. SMAD7 is a negative regulator
of the SMAD signaling pathway [4,5] Related to TGFβ–SMAD signaling, bone morphology
protein (BMP) signals through SMAD1, SMAD5 or SMAD8 (termed BR-SMADs). Once
phosphorylated, BR-SMADs form complexes with SMAD4 and activate or repress targeted
gene transcription important for tissue and organ development. In addition to SMAD-mediated
signaling, TGF-β activates many non-canonical signaling pathways such as PI3-kinase, p38
kinase and small GTPase pathways (RhoA, PKN, and Rock) (Figure 1).

TGF-β is an important tumor suppressor. Mutations of the genes encoding TβRI and TβRII or
decreased expression and phosphorylation of other components of this pathway have been
reported in human cancers [6]. Mutations in the type II TGF-β receptor gene, TGFBR2, are
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particularly frequent in tumors with microsatellite instability [7]. Lack of or downregulation
of TGF-β receptors or SMADs is often associated with a worse prognosis [8]. In a number of
mouse models, genetic deletion or downregulation of TGF-β signaling often results in a more
malignant tumor phenotype, including breast, intestine, pancreatic, colon, head-and-neck
squamous cell carcinoma [9]. Deletion of BR-SMADs 1, 5 and 8 from somatic cells of ovaries
and testes leads to malignant transformation [10]. Abrogation of TGF-β signaling specifically
in stratified epithelia causes spontaneous squamous cell carcinomas in the anogenital region
through destabilization of epithelium homeostasis [11]. TGF-β suppresses tumor initiation and
early development through the inhibition of cell cycle progression, induction of apoptosis, and
suppression of growth factor, cytokine and chemokine expression.

However, TGF-β is a well-known tumor promoter too. TGF-β is often produced in large
quantities by many tumor types and is known to be pro-oncogenic. Mutation of TGFBR2 points
to a favorable outcome after adjuvant chemotherapy in colon cancer with high microsatellite
instability [12]. High TGF-β–SMAD activity is present in aggressive, highly proliferative
gliomas and confers poor prognosis in patients [13]. In mouse models, enhancement of TGF-
β signaling by expression of a constitutively active TGFβ1 or TβRI in mammary epithelial
cells increases pulmonary metastases whereas systemic inhibition of TGF-β signaling
suppresses pulmonary metastases [14]. TGF-β signaling is also important in the ‘vicious cycle’
of osteolytic bone metastases [15,16]. The mechanisms of TGF-β tumor promotion include
dysregulation of cyclin-dependent kinase inhibitors, alteration in cytoskeletal architecture,
increases in proteases and extracellular matrix formation, decreased immune surveillance and
increased angiogenesis [2].

Challenges in understanding the dual role of TGF-β
The mechanisms underlying the dual role of TGF-β described above are very complex and
intricate [2,17,18]. Tumor progression from premalignant to metastatic disease is generally
accompanied by decreased or altered TGF-β responsiveness and increased expression or
activation of the TGF-β ligand. When combined with genetic or epigenetic perturbations in
tumor cells, along with alteration in the tumor microenvironment, the spectrum of biological
responses to TGF-β is altered (Figure 2). In the past, most work to dissect the underlying
mechanisms was largely focused on differential regulation of signaling pathways by tumor
autonomous TGF-β signaling. It was thought that changes in signal intensity and connectivity
of SMAD-dependent and SMAD-independent pathways might explain the complex transition
of TGF-β from a tumor suppressor to a tumor promoter. In early tumor development, SMAD-
dependent pathways mediate the growth inhibition; in later tumor progression, the SMAD-
independent pathways probably contribute to the tumor-promoting effect. However, recent
data also demonstrate that SMAD-dependent pathways are involved in the tumor-promoting
activities of TGF-β. For example, SMAD signaling is responsible for lung metastasis through
induction of angiopoietin-like 4 (ANGPTL4) by TGF-β [19]. High TGF-β–SMAD activity is
present in aggressive, highly proliferative gliomas and confers poor prognosis in patients with
gliomas [13]. Interestingly, in concert with oncogenic Ras and mutant p53, SMADs are
associated with a mutant-p53/p63 protein complex, which inhibits p63 suppressor functions.
Thus mutant p53 promotes SMAD-mediated tumor metastasis [20]. In addition, SMAD4
activity is tightly controlled through Ecto (Ectodermin/Tif1γ), a monoubiquitinating factor and
FAM (Fat Facets in Mouse), a deubiquitinase. Ecto induces monoubiquitination in Lys519 in
SMAD4. This modification inhibits SMAD4 by impeding association with phospho-SMAD2.
FAM opposes the activity of Ecto through deubiquitination of SMAD4 [21]. Another non-
canonical mechanism involves the phosphorylation of SMAD1 and SMAD5 through kinase
activity of ALK5 (activin receptor-like kinase 5) that mediates the pro-tumor migratory activity
switch in breast cancer [22]. The literature in the field is very diverse, but is primarily based
on autonomous tumor cell signaling. Recent progress in elucidating the effects of TGF-β on
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host immune cells and inflammatory cell infiltration in the tumor microenvironment might
bring a new perspective to the field, which is discussed below.

Effect of TGF-β on systemic immune surveillance of tumor host
TGF-β controls immune responses and maintains immune homeostasis through its impact on
proliferation, differentiation and survival of multiple immune cell lineages [23–25]. TGF-β
has an adverse effect on anti-tumor immunity and significantly inhibits host tumor immune
surveillance [23,26]. The effect of TGF-β on T cells, was clearly demonstrated by genetic
deletion or attenuation of TGF-β signaling. Transgenic mice with a dominant-negative
Tgfbr2 under a T-cell-specific promoter showed spontaneous T-cell differentiation and
autoimmune disease [24]. Interestingly, this T-cell-specific blockade of TGF-β signaling
allows the generation of tumor-specific cytotoxic T lymphocytes (CTLs) that are capable of
eradicating tumors in mice challenged with EL-4 thymoma or B16-F10 melanoma tumor cells
[27]. TGF-β markedly and directly suppresses the ‘cytotoxic program’ of CTLs, through
transcriptional repression of genes encoding multiple key proteins, such as perforin, granzymes
and cytotoxins [28,29]. TGF-β regulates both the clonal expansion of CD8+ T cells and CD8
+ T-cell cytotoxicity in vivo. Inhibition of T-cell proliferation and repression of the cytotoxic
gene program in T cells are two distinct effects, which, together, would ultimately favor tumor
progression [28].

TGF-β also has a significant impact on CD4+ T-cell differentiation and function. TGF-β
induces Foxp3 and generates induced regulatory T cells (Tregs) [29–32]. In addition, TGF-β,
together with IL-6, induces Th-17 cells [25,32,33]. Th17 is a newly defined Th-cell population
that expresses IL-17 and regulates leukocyte recruitment and activation [34]. TGF-β was found
to mediate the lineage-specific differentiation of these Th17 cells [35,36]. TGF-β, coordinating
with IL-21, induces CD4+CD25+ Tregs that counterbalance the effect of IL-6 that promotes
proinflammatory IL-17-producing T cells [37]. Studies suggest that TGF-β signaling in T cells
is pro-tumorigenic; when deleted or inhibited by neutralizing antibodies, TGF-β enhances T-
cell differentiation and function [30,38]. However, contradictory results were observed with
selective deletion of SMAD4-dependent TGF-β signaling in T cells, which leads to
spontaneous epithelial cancers throughout the gastrointestinal tract in mice (whereas epithelial-
specific deletion of the SMAD4 gene does not). These SMAD4−/− T cells produce abundant
Th2-type cytokines, which promote plasma cell and stromal expansion [39]. These results show
that SMAD4 signaling in T cells is required for suppression of gastrointestinal cancer. It is
unclear what underlies the differences between these studies. Mechanisms under the former
observations include TGF-β inhibition of IL-2 production thus suppressing T-cell proliferation.
This involves the anti-mitogenic effect of TGF-β. Mechanisms responsible for the latter
observation include the significant role of TGF-β in maintaining intestinal homeostasis,
preventing cancer by control over the intestinal lymphocytes and their response to signals
within the mucosal environment.

TGF-β also inhibits NK-cell proliferation and function, which is in part modulated by CD4
+CD25+ regulatory T cells that are known to produce high levels of TGF-β [31]. TGF-β inhibits
NKp30 and NKG2D receptor expression, which suppresses NK-cell cytolytic activity [40,
41]. Blockade of TGF-β signaling in NK cells caused the accumulation of NK cells that produce
IFN-γ [42]. Neutralization of TGF-β not only prevented NKG2D downregulation but also
restored NK cell anti-tumor reactivity [43]. In human glioma patients, TGF-β decreases the
expression of the activating immunoreceptor NKG2D in CD8+ T cells and NK cells and
represses the expression of the NKG2D ligand MICA [44].

B cells were shown to have high-affinity TGF-β receptors and to secrete TGF-β. Exogenous
administration of TGF-β suppressed B-cell proliferation and Ig secretion [45,46]. In mice with
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B-cell-specific deletion of TβRII, there was significant B-cell expansion [46], which indicates
that TGF-β suppresses B-cell proliferation. In addition, these mice showed complete absence
of IgA in serum, suggesting an important role of TGF-β in IgA class switching in vivo [46]. In
EL-4 leukemia and D5 melanoma mouse models, when spleen cells from WT C57BL/6 and
B-cell knockout mice were cultured with irradiated tumor cells in vitro, IFN-gamma production
from CD8 T cells and natural killer cells was markedly decreased in WT compared with B-
cell KO (BKO) cultures. This is due to IL-10 produced by B cells that diminishes anti tumor
CTLs [47]. These results and others suggest the possible existence of regulatory B cells (Breg)
[48,49]. The immune suppressive function of these B cells appears to be directly mediated by
TGF-β (and/or IL-10) [48]. Recently, it was found that B-lymphocytes are required for
establishing chronic inflammatory states that promote de novo carcinogenesis in a skin
carcinogenesis model of K14-HPV16 [50]. B-cell functions in anti-tumor immunity are not
well understood; studies investigating how TGF-β regulates B-cell function are needed.

In addition to lymphoid cells, TGF-β also has a profound impact on the myeloid lineage. There
are three major myeloid cell types, Gr-1+CD11b+ immature myeloid cells, tumor-associated
macrophages (TAMs) and tumor-associated neutrophils (TANs). While TAMs and TANs are
well differentiated and mature, the Gr-1+CD11b+ cells are a heterogeneous set of immature
myeloid cells. It remains to be elucidated how these three populations of cells are interrelated
in terms of phenotype and function under tumor conditions and in the tumor microenvironment.

Gr-1+CD11b+ immature myeloid cells are also called myeloid derived suppressor cells
(MDSCs). They are overproduced in tumor hosts including cancer patients with a variety of
tumors. These cells have a profound immune suppressive effect. Gr-1+CD11b+ cells inhibit
the function of NK, B and T cells through the production of arginase and reactive oxygen
species. They also inhibit functional maturation of dendritic cells, and promote type II
macrophage development. Gr-1+CD11b+ cells represent one of the mechanisms by which
tumors escape from immune system control and compromise the efficacy of cancer
immunotherapy [51]. There are two major subpopulations of Gr-1+CD11b+ cells:
mononuclear cells (precursor for macrophages), and low-density polymorphonuclear cells
(immature neutrophils). Both populations suppress antigen-specific T-cell responses, but by
distinct effector molecules and signaling pathways [52]. Tumor-infiltrating Gr-1+CD11b+
myeloid cells also have non-immune suppressive effects that profoundly affect tumor
progression and metastasis. For example, these cells are recruited into the tumor
microenvironment in response to chemokine cues and produce high levels of MMPs and TGF-
β [53]. They contribute to tumor angiogenesis and vasculogenesis [54]. TGF-β produced by
these Gr-1+CD11b+ cells is a significant component of the tumor-promoting effect of TGF-
β signaling. It affects both the tumor microenvironment and the host immune system. However,
it is unclear whether systemic immune suppression and direct participation in tumor
microenvironment and progression are two different properties or different manifestations of
the same process.

TAMs are identified as Mac-1 (CD11b+) and/or F4/80+. They have been shown to promote
tumor progression and metastasis [55–59]. Mechanisms include increased CSF-1 production
and enhanced EGF signaling in cancer cells [55]. Similarities between TAM and Gr-1+CD11b
+ immature myeloid cells were noticed from profiling work [60]; however, differences between
the two populations were also evident. For example, myeloid suppressor cells produce high
levels of TGF-β1, whereas TGF-β1 expression in TAMs was restricted to unstimulated TAMs
and was not further increased by M2-biasing cytokines [60].

Information related to TANs is very incomplete. One recent study showed that TGF-β within
the tumor microenvironment induces TAN with a pro-tumor phenotype [61]. TGF-β blockade
increases neutrophil-attracting chemokines and results in the recruitment and activation of
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TANs with an anti-tumor phenotype. These TANs were identified as CD11b+Ly6G+ that have
hypersegmented nuclei, are more cytotoxic to tumor cells, and express higher levels of
proinflammatory cytokines. Depletion of these neutrophils following TGF-β blockade
significantly blunts anti-tumor effects of treatment and reduces CD8 T-cell activation [61].
These findings suggest that TGF-β regulate N1–N2 polarization of neutrophils. This N1–N2
polarization of neutrophils might mirror the M1–M2 polarization of macrophages that are
defined by interferon-γ and IL-4 production as Th1 and Th2 cells, respectively [62].

The effects of TGF-β on immune cells are summarized in Figure 3. Although the effects are
distinct for each immune cell population, they are also interrelated. For example, TGF-β
inhibition of CD8 CTLs is largely due to TGF-β produced by Gr-1+CD11b+ myeloid cells,
which is further regulated by IL-13 produced in natural killer T (NKT) cells, a new natural
killer cell type discovered in recent years [63].

TGF-β regulation of the tumor microenvironment
The tumor microenvironment is filled with various inflammatory cells, including myeloid cell
subpopulations, innate and adaptive immune cells NK(T) cells, T cells and B cells (Figure 4a).
In addition, there is an abundance of cancer-associated fibroblasts (CAFs) and endothelial
progenitor cells (EPCs) [64] (Figure 4a). This very dynamic tumor microenvironment probably
serves as a selective pressure for tumor cell variants through genomic instability, genomic
heterogeneity and epigenetic alteration [65].

The evidence supporting TGF-β as a potent regulator of the tumor microenvironment comes
from studies with specific deletion of Tgfbr2 in a variety of epithelial cells, including
mammary, pancreatic, intestinal, colon, and head-and-neck squamous cell carcinoma [9].
Deletion of Tgfbr2 in these epithelial cells results in increased tumor progression and
metastasis. Deletion of Tgfbr2 in mammary epithelial cells results in increased chemokine/
chemokine receptor signaling CXCL1/CXCL5–CXCR2 and SDF-1–CXCR4 [53,66], which
leads to increased Gr-1+CD11b+ cell recruitment into the tumor microenvironment. These
Gr-1+CD11b+ cells produce high levels of MMPs and TGF-β (Figure 4b) [53]. The increased
infiltration of myeloid cells into the invasive front of tumors, and their production of MMPs
and TGFβ1 are found to be one of the major contributors to enhanced tumor invasion and
metastasis due to deletion of TGF-β signaling in epithelial cells [9,53,56]. This complete
abrogation of TGF-β signaling correlated with reduced relapse-free survival in four human
breast cancer data sets particularly in patients with estrogen-receptor-positive breast cancer
[67]. Deletion of SMAD4 in a colon cancer model resulted in an increased recruitment of CCR1
+ myeloid cells (CD34+) that promote tumor invasion [68]. Indeed, inflammatory cells (CD45
and BM8 positive cells) have been observed in head-and-neck tumors that lack TGF-β signaling
[69]. In TGFβ1-deficient mice, inflammation causes precancerous lesions to progress to colon
cancer [70]. However, in contrast to the above observations, over-expression of TGFβ1 in head
and neck epithelia results in inflammation, angiogenesis and epithelial hyperproliferation
[71]. It is unclear what underlies these different observations and whether different chemokine/
chemokine-receptor mechanisms are involved for deletion of TGF-β signaling versus increased
TGF-β signaling.

In addition to epithelial cells, TGF-β signaling in stromal cells also exerts significant effects
on tumor development and growth. This is one of the most recent developments in the field.
These stromal cells include fibroblasts and T cells but perhaps many more types discovered in
the future. Loss of Tgfbr2 in a subset of fibroblasts (FSP promoter driving cre expression) leads
to intraepithelial neoplasia in the prostate and invasive squamous cell carcinoma in the
forestomach involving upregulation of TGFα, MSP- and HGF-mediated signaling networks
[72]. Which is often accompanied by an increased abundance of stromal cells and inflammatory
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cell infiltration. Deletion of TGF-β signaling in T lymphocytes results in the development of
carcinomas throughout the gastrointestinal tract, which is also accompanied by increased
expression of inflammatory gene (such as IL5, IL6 and IL13) and inflammatory cell infiltration
[39]. These results demonstrate that TGF-β, the tumor suppressor, also functions as an
inflammation suppressor. When it is deleted in the epithelial or stromal compartment it causes
an increased inflammatory reaction that promotes tumor development and progression.

One of the most important mechanisms underlying TGF-β regulation of inflammation that
orchestrates the tumor microenvironment is through NF-κB signaling, the master regulator of
the inflammation. For example, in the gut, TGFβ1 negatively regulates NF-κB activation
through SMAD7 [73]. Mice deficient in SMAD3 develop colon cancer because of increased
inflammation caused by Helicobacter infection [74]. In TGFβ1-deficient mice, inflammation
causes precancerous lesions to progress to colon cancer [70]. Furthermore, TGF-β crosstalks
with inflammatory pathways through the modulation of IL-1 [75].

TGF-β regulates the production of chemokines–chemokine receptors that are important in
inflammatory cell recruitment. These include stromal-derived factor 1 (SDF-1 or CXCL12),
which signals through CXCR4 that is highly expressed on putative stem and progenitor cells
[64,76]. TGF-β also suppresses expression of CXCL1 and CXCL5. Deleted or diminished
TGF-β signaling in tumor epithelial cells significantly increases the expression of CXCL1 and
CXCL5 [53,66]. In the distant premetastatic lung of tumor-bearing mice, TGF-β regulates the
production of the chemoattractants S100A8 and S100A9. These chemoattractants attract Mac1
+ myeloid cells that activate mitogen-activated protein kinase p38 in tumor cells [77]. TGF-
β also induces tumor cells to produce angiopoietin-like 4 that disrupts vascular endothelial
cell–cell junctions, increases the permeability of lung capillaries and facilitates the
transendothelial passage of tumor cells [19].

Antitumor activity of TGF-β inhibition is dependent on the host immune and
inflammatory response: implications for therapy

TGF-β has been identified as a therapeutic target because of its significant tumor- promoting
roles. Approaches include a variety of neutralizing antibodies and small molecular inhibitors.
However, the goal of these therapies is to abolish the tumor- promoting effect of TGF-β, while
maintaining its tumor suppressive properties. Recent developments in the field point out that
the efficacy of TGF-β antagonist therapy might not derive from a direct effect on tumor cells
as was originally thought. Rather, several mechanisms are probably acting on the host
compartment. First, blocking TGF-β might decrease the suppression of host immune
surveillance. This effect of TGF-β antagonism is particularly important as it could be combined
with anti-tumor immunotherapy. For example, the efficacy of immunotherapy is potentiated
by systemic blockade of TGF-β signaling in mice bearing lung cancer (TC1) [78,79]. Second,
TGF-β antagonism could abrogate the tumor-promoting effect of Gr-1+CD11b+ cells in the
tumor microenvironment by neutralizing the high level of TGF-β1 that these cells produce
[53]. Third, TGF-β antagonism would be very effective for blocking the ‘vicious cycle’ of bone
metastasis, because TGF-β signaling is a key player in the differentiation of osteoclasts that
destroy the bone [15]. Lastly, TGF-β antagonism might be effective for patients immediately
after radiation or chemotherapy because there is a surge in TGF-β level after these treatments
[80].

Indeed, TGF-β blockade significantly slows tumor progression through a synergistic
combination of effects on both the tumor parenchyma and microenvironment. These effects
include enhancement of the CD8+ T-cell-mediated anti-tumor immune response, increased
infiltration of natural killer cells and T cells at the metastatic sites, and increased expression
of an NKG2D ligand (Rae1gamma) and of a death receptor (TNFRSF1A) on tumor cells
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[81]. Treatment of mice with anti-TGF-β antibodies in vivo reduced the expression of IL-17,
which suppresses tumor apoptosis [82]. Anti-TGF-β antibody treatment also reverses the
suppressive function of Tregs [30]. In the E.G7 tumor model, the effect of TGF-β inhibition
was clearly shown in draining lymph nodes, in which suppression of Treg proliferation and an
increase in the number of tumor antigen-specific CD4+ or CD8+ cells producing IFN-gamma
was found [83]. However, one should note that while TGF-β is known to play a crucial role in
CD4+Foxp3+ Treg cell induction, there are few reports to show that the improved immune
responses from TGF-β antagonism is mediated by CD4 Treg cells ([79] and personal
communication with Dr Lalage Wakefield).

Gr-1+CD11b+ cells infiltrate into the tumor microenvironment in response to loss of TGF-β
signaling in mammary epithelial cells, which indicates that autologous TGF-β signaling in
epithelial cells acts as a tumor suppressor; deletion of TGF-β results in recruitment of Gr-1
+CD11b+ cells. This recruitment leads to increased MMP and TGF-β production, which
enhances tumor invasion and metastasis. The switch of TGF-β signaling from tumor suppressor
to tumor promoter thus involves an additional component, which is the recruitment of Gr-1
+CD11b+ cells in the tumor microenvironment. In addition, Gr-1+CD11b+ cells produce a
high level of TGF-β and correlates with stage of tumor progression [84]. These data suggest
that Gr-1+CD11b+ cells can be used as a biomarker for patient selection in ongoing phase I/
II clinical trials of TGF-β therapy. This concept is supported by recent findings that the immune/
inflammatory responses are reliable markers for predicting the clinical outcome in human
hepatocellular carcinoma [85] and colorectal tumors [86]. These studies also point out a novel
therapeutic strategy for advanced cancer – the prevention of the recruitment of MMP-
expressing cells by chemokine receptor antagonists.
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Figure 1.
The TGF-β ligands signal through the type I and type II TGF-β receptors. Canonical signaling
proceeds with phosphorylation of SMAD2 and SMAD3, which then combine with SMAD4 to
enter the nucleus and mediate growth inhibition. TGF-β binding to its receptors activates many
non-canonical signaling pathways, including small GTPases (RhoA, PKN, and Rock), p38
kinase and PI3 kinase pathways. These pathways are important in regulating tumor-cell
migration and metastasis. In addition, bone morphogenetic proteins (BMPs) signal through
SMAD1, SMAD5 or SMAD8, which form complexes with SMAD4, which activate or repress
targeted gene transcription that is important for tissue and organ development. Smad 6 and 7
are negative mediators in the TGF-β signaling pathway.

Yang et al. Page 12

Trends Immunol. Author manuscript; available in PMC 2011 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
TGF-β switches from tumor suppressor in the premalignant stages of tumorigenesis to tumor
promotion in later stages of the disease leading to metastasis. Progression to metastatic disease
is generally accompanied by decreased or altered TGF-β responsiveness and increased
expression or activation of the TGF-β ligand. When combined with genetic or epigenetic
perturbations in tumor cells, along with alteration in the tumor microenvironment, the spectrum
of biological responses to TGF-β are altered. EMT: epithelial mesenchymal transition (Figure
modified from Ref. 32)
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Figure 3.
TGF-β affects multiple components of the immune system. TGF-β inhibits the function of
natural killer (NK) and CD8+ CTL (cytotoxic T lymphocytes), blocking the ‘cytotoxic
program’ key proteins such as perforin, granzymes and cytotoxins. TGF-β induces Treg and
Th17 cell differentiation and inhibits B-cell proliferation and IgA secretion. In addition, TGF-
β inhibits dendritic function, block type I macrophage and neutrophil development but
promotes type II macrophages and neutrophils, and mediates the immune suppression function
of MISCs.
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Figure 4.
TGF-β regulation of tumor microenvironment. (a) Cellular players in tumor
microenvironment. (b) The mechanisms by which TGFβ signaling switches from a tumor
suppressor to a tumor promoter are shown. TGFβ signals through the type II receptor mediate
growth inhibition of carcinoma cells. When TβRII is deleted or downregulated, the result is
increased chemokine/chemokine-receptor signaling, such as CXCL1–CXCL5/CXCR2 and
SDF-1–CXCR4. Host-derived immature myeloid Gr-1+CD11b+ cells are recruited into the
tumor microenvironment through these chemokine mechanisms. These Gr-1+CD11b+ cells
express high level of MMPs and TGFβ1, which promote tumor invasion and immune
suppression. The effect of Gr-1+CD11b+ cells on the tumor microenvironment and host
immune surveillance constitute a tumor-promoting mechanism of TGFβ signaling.
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